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(54) Calibration method of an array antenna 

(57) An array of antenna elements is arranged to 
calibration by assigning certain ones of the elements to 
be "kernel" elements. The kernel elements are coupled 
to -the beamformer by way of a directional coupler ar- 
rangement, and calibration ports are coupled to ports of 
the directional coupler. Calibration includes applying 
signal to a first calibration port of a kernel element and 
determining the amplitude and/or phase of the calibra- 
tion signal paths. Signals are applied to the beamformer 
ports feeding the kernel element, and the lengths of the 
beamformer-plus-calibration paths are determined. 
From these, the beamformer paths to the kernel ele- 
ments are determined. Non-kernel antenna elements 
having no directional conpler and positioned near the 
kernel elements are calibrated by applying signal 
through the beamformer to the non-kernel element, and 
receiving the signal through a calibration path of the ker- 
nel element. 
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Description 

[0001] This invention relates to array antennas, and 
more particularly to array antenna structures to aid in 
calibration of the active elements of the array. 
[0002] Oursociety has become dependent upon elec- 
tromagnetic communications and sensing. The commu- 
nications are exemplified by radio, television and per- 
sonal communication devices such as cellphones, and 
the sensing by radar and lidar. When communications 
were in their infancy, it was sufficient to broadcast radio 
signals substantially omnidirectionally in the horizontal 
plane, and for that purpose a vertical radiator or tower 
was satisfactory. Early sensors attempted to produce di- 
rectional results : as for example the directional null used 
for direction-finding in the Adcock type of antenna. 
When it became possible to produce short-wave signals 
such as microwave signals efficiently and relatively in- 
expensively, directional results became possible with 
shaped reflector antennas, which provided the relatively 
large radiating aperture required for high gain and direc- 
tionality. Such antennas have been in use for over half 
a century, and they continue to find use because they 
are relatively simple to build and maintain. However, the 
shaped-reflector antenna has the salient disadvantage 
that it must be physically moved in order to move the 
antenna radiated beam or beams. 
[0003] Those skilled in the art know that antennas are 
reciprocal elements, which transduce electrical or elec- 
tromagnetic signals between unguided (radiating- 
mode) and guided modes. The "unguided" mode of 
propagation is that which occurs when the electromag- 
netic radiation propagates in "free space" without con- 
straints, and the term "free space" also includes those 
conditions in which stray or unwanted environmental 
structures disturb or perturb the propagation. The "guid- 
ed" mode includes those modes in which the propaga- 
tion is constrained by transmission-line structures, or 
structures having an effect like those of a transmission 
line. The guided-wave mode of propagation occurs in 
rigid waveguides, and in coaxial cable and other trans- 
mission-line structures such as microstrip and stripline. 
The guided-wave mode also includes transmission 
guided by dielectric structures and single-wire transmis- 
sion lines. Since the antenna is a transducer, there is no 
essential difference between transmission and receiv- 
ing modes of operation. For historical reasons, certain 
words are used in the antenna fields in ways which do 
not reflect contemporaneous understanding of anten- 
nas. For example, the term used to describe the direc- 
tional radiation pattern of an antenna is "beam," which 
is somewhat meaningful in the context of a transmitting 
antenna, but which also applies to a receiving antenna, 
notwithstanding that conceptually there is no corre- 
sponding radiation associated with an antenna operated 
in its receiving mode. Those skilled in the art understand 
that an antenna "beam" shape is identical in both the 
transmission and reception modes of operation, with the 



meaning in the receiving mode being simply the trans- 
duction characteristic of the antenna as a function of sol- 
id angle. Other characteristics of antennas, such as im- 
pedance and mutual coupling, are similarly identical as 

5 between transmitting and receiving antennas. Another 
term associated with antennas which has a contempo- 
raneous meaning different from the apparent meaning 
is the definition of the guided-wave port, which is often 
referred to as a "feed" port regardless of whether a 

10 transmitting or receiving antenna is referred to. 

[0004] Array antennas are antennas in which a large 
radiating aperture is achieved by the use of a plurality 
of elemental antennas extending overthe aperture, with 
each of the elemental antennas or antenna elements 

15 having its elemental port coupled through a "beamform- 
er" to a common port, which can be considered to be 
the feed port of the array antenna. The beamf ormer may 
be as simple as a structure which, in the reception mode, 
sums together the signals received by each antenna el- 

20 ement without introducing any relative phase shift of its 
own, or which in the transmission mode of operation re- 
ceives at its common port the signal to be transmitted, 
and divides ii equally among the antenna elements. 
Those skilled in the art know that the advantages of an 

25 array anten na are better realized when the signal trans- 
duced by each elemental antenna of an array antenna 
can be individually controlled in phase. When phase is 
controlled, it is possible to "steer" the beam of the array 
antenna over a limited range without physical slewing 

30 of the structure. Introduction of phase shifters into the 
feed path of the elemental antennas, and for that matter 
the beamformer itself, necessarily introduces unwanted 
resistive or heating losses or "attenuation" into the sig- 
nal path. These losses effectively reduce the signal 

35 available at a receiver coupled to the array antenna feed 
port in the reception mode of operation, and also reduce 
the power reaching the antenna elements from the feed 
port when in a transmission mode of operation. 
[0005] In order to maximize the utility of array anten- 

40 nas, it is common to introduce electronic amplifiers into 
the array antenna system, to aid in overcoming the loss- 
es attributable to the beamformer and to the phase shift- 
ers, if any, and any associated hardware such as filters 
and the like. In an array antenna, one such amplifier is 

45 used in conjunction with each antenna element. For re- 
ception of weak signals, it is common to use an amplifier 
which is optimized for "low-noise" operation, so as to 
amplify the signal received by each antenna element 
without contributing excessively to the noise inherent in 
50 the signal received by the antenna element itself. For 
transmission of signals, a "power" amplifier is ordinarily 
associated with each antenna element or group of an- 
tenna elements, to boost the power of the transmitted 
signal at a location near the antenna elements. In array 
55 antennas used for both transmission and reception, 
both receive and transmit amplifiers may be used. 
[0006] Amplifiers tend to be nonlinear, in that the out- 
put signal amplitude of an amplifier is in a specific am- 
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plitude ratio to the input signal amplitude at input signal 
levels lying below a given level, but become nonlinear, 
in that the ratio becomes smaller (the gain decreases to 
a value below the small-signal level) with increasing sig- 
nal level. Structures which are subject to such saturation 
or other nonlinear effects are termed "active." It should 
be noted that an active element is often defined as one 
which requires or uses an electrical bias for operation; 
saturation tends to be inherent in such elements when 
the signal being handled approaches or equals the am- 
plitude of the applied bias. Amplifiers are ordinarily not 
bidirectional, in that they amplify signals received at an 
input port, and the amplified signals are generated at an 
output port. Although bidirectional amplifiers are possi- 
ble, the constraints required for bidirectional operation 
limit their utility, and unidirectional amplifiers are com- 
monly used for array antennas. In the case of an array 
antenna used for both transmission and reception, each 
antenna element is associated with both a power ampli- 
fier and low-noise amplifier. Bidirectional, duplex or 
diplex operation, which is to say simultaneous operation 
in both transmission and reception, is accomplished by 
the use of circulators, which are three-port devices 
which allow connection of an antenna element to the 
output port of a power amplifier and to the input port of 
a low-noise amplifier. It should be noted that phase shift- 
ers which may be associated with each radiating ele- 
ment of an array in order to allow steering of the beam 
may be subject to saturation or nonlinear effects, and 
so may be considered to be "active" for this purpose, 
although these nonlinear effects may not be nearly so 
pronounced as in the case of amplifiers, and in some 
cases the saturation effects of phase shifters may be 
ignored. Some types of phase shifters rely on the inter- 
action of discrete electronic elements . which are affect- 
ed by temperature and aging. Other types of phase shift- 
ers are almost immune to saturation effects, namely 
those using electronic switches to switch lengths of 
transmission line into and out of circuit. 
[0007] One of the problems associated with the use 
of array antennas having active elements is that of cha 
changes in the characteristics of the active elements as 
a function of environmental conditions and of time. For 
example, the gain of an amplifier may change as a func- 
tion of time or temperature, and the gain change can 
affect the beam formed by the beamformer in both trans- 
mission and in reception modes of operation, depending 
upon its location in the array antenna. Similarly, the in- 
herent phase shift of an amplifier may change as afunc- 
tion of time or temperature, which in turn affects the net 
phase shift of the signal relating to that particular anten- 
na element with which it is associated, which in turn af- 
fects the beam shaping or forming. The effects of aging 
and temperature on active devices associated with the 
elemental antennas of an active array antenna result in 
a requirement for calibration of the various active ele- 
ments. 

[0008] A difficult aspect of the calibration of the active 



4 

elements of an array antenna is the determination of ex- 
actly what the characteristics of the active element(s) 
are, since the active elements tend to be "buried" in the 
antenna structure. If attempts are made to physically ac- 

5 cess the input and output ports of the active elements, 
connections to the active elements must be made and 
broken for each active element, and the making and 
breaking of connections may itself introduce errors and 
changes to the system operation. Also, physical access 

10 to the active devices tends to be inconven ient due to the 
usual locations of the devices near the elemental anten- 
nas. U.S. Patent 5,459,474, issued October 1 7, 1 995 in 
the name of Mattioli et al. describes an array antenna in 
which each radiating element is associated with one 

*5 transmit-receive module : and the transmit-receive mod- 
ules are mounted in racks which can be pulled out to 
expose the modules. While effective, such rack mount- 
ings tend to be relatively bulky, heavy, and expensive. 
• U.S. Patent 5,572,21 9, issued November 5, 1996 in the 

20 name of Silverstein et al. describes a method for cali- 
brating phased-array antennas by the use of a remote 
site and the transmission of orthogonal codes. U.S. Pat- 
ent 6,084,545, issued July 4, 2000 in the name of Lier 
et al. describes a method for calibration of a phased- 

25 array antenna which eliminates the need for a distant 
source, and substitutes a near-field probe. Cooperative 
distant sources tend to be difficult to obtain at the de- 
sired time and location, and the near-field probes nec- 
essarily lie before the radiating aperture and perturb the 

30 desired fields. 

[0009] Improved methods for calibration of phased ar- 
rays are desired. 

[0010] The present invention is directed to a method 
for calibrating the active elements of an array antenna 

35 used for transducing electromagnetic signal between 
unguided radiation and a guided transmission path. The 
active array antenna includes a beamformer including 
at least one guided-wave common port and at least N 
output ports associated with the common port. The guid- 

40 ed-wave common port may be considered to be the 
"feed" port for one beam of the array antenna. The an- 
tenna also includes a beamformer control computer 
coupled to the beamformer, for transducing signals 
therewith, and for forming beams based upon at least 

45 one of beamformer amplitude and phase transfer func- 
tions, and preferably both. The array antenna also in- 
cludes a plurality of N radiating elements arranged in an 
array. Each of the radiating elements is capable of trans- 
ducing electromagnetic signals with its own elemental 

so port. A plurality of 2P calibration ports is provided, where 
P may be less than N in a preferred embodiment. P di- 
rectional couplers are provided. Each of the P direction- 
al couplers includes first, second, third, and fourth ports, 
for coupling signal from the first port to the second and 

55 third ports and not to the fourth port, and from the second 
port to the first and fourth ports, but not to the third port. 
Each of the P directional couplers has its first port cou- 
pled to one, and only one, of the calibration ports, its 
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second port coupled to another one, and only that one, 
of the calibration ports, its third port connected to a "ker- 
nel" one, and only that kerne! one, of the N radiating 
elements, and its fourth port coupled to one, and only 
one, of the N output ports of the beamformer. As a result 
of these connections of P directional couplers to 2P cal- 
ibration ports and P output ports out of N available out- 
put ports of the beamformer, N-P=R non-kernel ones of 
the radiating elements lack a guided path to a directional 
coupler, and R ports of the beamformer are not connect- 
ed to one of the directional couplers. The array antenna 
further includes a guided-wave connection between 
each of the R ports of the beamformer which are not 
connected to one of the directional couplers and a cor- 
responding one of the R non-kernel radiating elements, 
as a result of which all of the N elemental antennas are 
connected to an output port of the beamformer, either 
through a directional coupler or through another guided- 
wave connection. At least one of (a) an active amplifier 
and (b) a controllable phase shifter is associated with at 
least some of the paths defined between the guided- 
wave common port and the at least N output ports as- 
sociated with the common port of the beamformer. 
[0011] The present invention is further directed to a 
method for calibrating the array antenna including the 
step of applying a directional coupler calibration signal 
to a first one of the calibration ports, for thereby trans- 
mitting signal to a first port of a first one of the directional 
couplers, and in response to the step of applying of a 
directional coupler calibration signal, receiving returned 
directional coupler calibration signal at a calibration port 
coupled to the second port of the first one of the direc- 
tional couplers. The amplitude and the phase of the re- 
turned directional coupler calibration signal are com- 
pared with the corresponding amplitude and phase of 
the calibration signal to establish a calibration transfer 
value for the guided-wave connection between the first 
one of the directional couplers and its associated cali- 
bration ports. The calibration transfer value may be 
compared with a predetermined or previously stored 
value, to thereby establish a directional coupler calibra- 
tion reference value for the first one of the directional 
couplers. The next step in the calibration is to (a) apply 
beamf ormer calibration signal to the common port of the 
beamformer and extract corresponding beamformer 
calibration signal from that calibration port coupled to 
the second port of the first one of the directional cou- 
plers, or (b) apply beamformer calibration signal to that 
one of the calibration ports coupled to the second port 
of the first one of the directional couplers, and extract 
corresponding beamformer calibration signal from the 
beamformer common port, to thereby determine at least 
one of the amplitude and phase transfer between the 
common port of the beamformer and the fourth port of 
the first one of the directional couplers. As set forth in 
the claims, the terminology "one of A and B" is slightly 
different from "either A or B" but has the same meaning, 
as understood by persons skilled in the art. From the 



calibration transfer value and from at least one of the 
amplitude and phase transfer between the common port 
of the beamformer and the fourth port of the first one of 
the directional couplers, at least one of the amplitude 
5 and phase characteristics of that signal path extending 
from the common port of the beamformer to the fourth 
port of the first one of the directional couplers are deter- 
mined. The beamsteering control computer is adjusted 
by updating the parameters by which the control takes 
10 place, which may mean updating the value of the one 
of the amplitude and phase characteristic (or both) of 
that signal path extending from the common port of the 
beamformer to the fourth port of the first one of the di- 
rectional couplers. 
15 [0012] In an array antenna according to the present 
invention, the transmission-line electrical lengths ex- 
tending between the calibration ports and the first and 
second ports of any one of the directional couplers are 
made or set equal, whereby the calibration transfer val- 
20 ue for each of the cables is equal to one-half the cali- 
bration transfer value of the guided-wave connection to 
the one of the directional couplers. 
[001 3] A specific mode of ihe method according to the 
invention includes the further step of de-energizing all 
25 active elements of the beamformer except for those ac- 
tive elements lying in that path through the beamformer 
extending from the common port of the beamformer to 
a particular non-kernel one of the radiating elements of 
the array. This specific mode also includes the step of 
30 one of (a) applying beamformer calibration signal to the 
common port of the beamformer and extracting corre- 
sponding beamformer calibration signal from that one 
of the calibration ports associated with the first port of 
the first one of the directional couplers and (b) applying 
35 beamformer calibration signal to that one of the calibra- 
tion ports associated with the first port of the first one of 
the directional couplers and extracting corresponding 
beamformer calibration signal from the common port of 
the beamformer, to thereby produce a nonkernel cali- 
40 bration signal including a measure of the mutual cou- 
pling between that one of the kernel radiating elements 
associated with the first one of the directional couplers 
and the particular non-kernel one of the radiating ele- 
ments of the array. Finally, this specific mode includes 
45 the step of adjusting the beamsteering control computer 
by updating the parameters by which the control takes 
place by a factor responsive to the nonkernel calibration 
signal. FIGURE 1 is a simplified diagram illustrating an 
active array antenna according to an aspect of the in- 
so vention; 

FIGURE 2 illustrates one possible three-dimension- 
al arrangement of elemental ant antennas lying in 
an array plane; 
55 FIGURE 3 is a simplified flow chart or diagram illus- 
trating the logic for performing the calibration ac- 
cording to an aspect of the invention. 



4 



BNSDOClD:<EP 1215751A1 I > 



7 

[0014] In FIGURE 1, an active array antenna 10 in- 
cludes a beamformer 1 2 having a plurality of beam feed 
or input ports 12^, 12*2, ■■« 12I q> eacn of which is cou- 
pled to a corresponding "input" or feed port 1 4^ , 1 4i 2 , .... 
14i Q of a corporate feed 14. As known to those skilled 
in the art, signals applied to any one of ports 12i 1f 
12i 2 , . .., 12i Q produces a single antenna beam, and 
thus the ports may be termed "beam" ports. The ar- 
rangement of FIGURE 1 also includes a plurality of el- 
emental antenna ports 14o.,, 14o 2 , 14o 3 , 14o 4 , 14o 5 , 
14o 6 , 14o 7 , 14o 8 , 14o 9 , 14o 10 , 140^,..., 14o N _ 8 , 
1 ^°N-7' •••« 14o n- Each elemental antenna or "output" 
port of corporate feed 14 is connected by a transmis- 
sion-line or guided-wave path to a corresponding trans- 
mit-receive (TR) module. More specifically, elemental 
output port 1 4o 1 is connected by a transmission or guid- 
ed-wave path. 16., to TR module TR 1( elemental output 
port 1 4o 2 is similarly connected to TR module TR 2 by a 
transmission path 16 2 , elemental output port 14o 3 is 
connected to TR module TR 3 by a transmission path 
16 3s elemental output port 14o 4 is connected to a TR 
module TR 4 by a transmission path 1 6 4 , elemental out- 
put port 14o 5 is connected to a TR module TR 5 by a 
transmission path 16 5 , elemental output port 14o 6 is 
connected to a TR module TR 6 by a transmission path 
16 6: elemental output port 140y is connected to a TR 
module TR 7 by a transmission path 1 6 7 , elemental out- 
put port 14o 8 is connected to a TR module TR 8 by a 
transmission path 16 8> elemental output port 14o 9 is 
connected to a TR module TR 9 by a transmission path 
16 9 . elemental output port 14o 10 is connected to a TR 
module TR 10 by a transmission path 16 10> elemental 
output port 14o^ is connected to a TR module TR^ by 
a transmission path 16 11f elemental output port 
14o N _ 8 is connected to a TR module TR N _ 8 by a trans- 
mission path 1 6 N _ 8 , elemental output port 14o N . 7 is con- 
nected to a TR module TR N _ 7 by a transmission path 
16 N _ 7 , and elemental output port 14o N is connected 
to a TR module TR N by a transmission line 16 N . 
[0015] It should be noted that the terms used in de- 
scriptions of electrical systems and devices may not 
have the same connotations as the corresponding 
words used in ordinary parlance. Some of the terms as- 
sociated with antennas are mentioned above. In addi- 
tion, those skilled in the electrical arts know that a "mod- 
ule" may refer to a particular function, whether or not the 
functional module is physically modular or not; it is the 
function, rather than the physical device, which is mod- 
ular, as conceptualized in system diagrams such as that 
of FIGURE 1. 

[0016] In FIGURE 1 , an "output" port of each TR mod- 
ule is connected, either directly by a transmission or 
coupling path, or indirectly by way of a directional cou- 
pler, to a corresponding one of the elemental radiators. 
More particularly, the output port TR-,o of TR module 
TR 1 is connected by way of a directional coupler D A to 
an elemental port A^p of an elemental antenna A t , the 
output port TR 2 o of TR module TR 2 is connected by way 
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of a transmission-line or coupling path C 2 to an elemen- 
tal antenna A 2 , the output port TR 3 o of TR module TR 3 
is connected by way of a transmission-line or coupling 
path C 3 to an elemental antenna A 3 , the output port 

5 TR 4 o of TR module TR 4 is connected by way of a trans- 
mission-line or coupling path C 4 to an elemental anten- 
na A 4 , the output port TR 5 o of TR module TR 5 is con- 
nected by way of a transmission-line or coupling path 
C 5 to an elemental antenna A 5 , the output port TR 6 o of 

10 TR module TR 6 is connected by way of a transmission- 
line or coupling path C 6 to an elemental antenna A 6 , the 
output port TR 7 o ofTR module TR 7 is connected by way 
of a transmission-line or coupling path Cy to an elemen- 
tal antenna A 7 , the output port TR 8 o of TR module TR 8 

15 is connected by way of a transmission-line or coupling 
path C 8 to an elemental antenna A 8 , and the output port 
TR 9 o of TR module TR 9 is connected by way of a trans- 
mission-line or coupling path C 9 to an elemental anten- 
na A 9 . The output portTR 10 o of TR module TR 10 is con- 

20 nected by way of a directional coupler D 2 to an elemen- 
tal antenna A 10 , the output port TR^o of TR module 
TR.,., is connected by way of a transmission-line or cou- 
pling path C in to an elemental antenna A 1V In addition, 
in FIGURE 1 , the output port TR n _q of TR module TR N _ 8 

25 js connected by way of a directional coupler D L to an 
elemental antenna A N _ 8 , the output port TR N . 7 o of TR 
module TR N _ 7 is connected by way of a transmission- 
line or coupling path C N _ 7 to an elemental antenna 
A N _ 7 , .... and the output port TR N o of TR module TR N is 

30 connected by way of a transmission-line or coupling 
path C N to an elemental antenna A N . 
[0017] In the arrangement of FIGURE 1 , the elemen- 
tal antennas A 1( A N are grouped into sets of nine. 
The number nine is selected as exemplary, and other 

35 numbers of elemental antennas could be used in each 
set. Within each set of nine elemental antennas, one an- 
tenna, illustrated as being the first elemental antenna of 
each set, is deemed to be a "kernel" elemental antenna, 
and is associated with a directional coupler. For exam- 

40 pie, in set 1 of nine elemental antennas A 1 through A 9 , 
elemental antenna A., is illustrated as being connected 
to port 3 of directional coupler D 1 . Similarly, in set 2 of 
nine elemental antennas beginning with elemental an- 
tenna A 10 and including elemental antenna A t1 (not all 

45 elemental antennas of set 2 are shown), elemental an- 
tenna is A^ is illustrated as being connected to port 3 
of directional coupler D 2 . In FIGURE 1 , the last set M of 
nine elemental antennas includes elemental antennas 
a n-8« a n-7 a n- Tne f' rst elemental antenna of set M, 

so namely elemental antenna A N . 8 , is connected to port 3 
of the last directional coupler D L . Thus, for each nine 
elemental antennas, there is one directional coupler in 
the system, so the number N of elemental antennas 
must be nine times L. For purposes of this invention, 

55 those elemental antennas associated with directional 
couplers are designated as "kernel" elemental anten- 
nas. Thus, for each kernel elemental antenna, there are 
eight non-kernel elemental antennas. 
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[0018] FIGURE 2 is a representation of one possible 
arrangement of nine elemental antennas of one set of 
elemental antennas. In FIGURE 2, elements corre- 
sponding to those of FIGURE 1 are designated by like 
reference numerals. In FIGURE 2, the nine elemental 
antennas of set 1 are arranged in a subarray of three 
rows and three columns. As illustrated, kernel antenna 
element A 1 is located at the center of the subarray, in 
column 2, row 2. The other antenna elements, namely 
antenna elements A 2 through Aq, are arranged around 
element A-j. More specifically, antenna element A 2 lies 
in column 1 , row 1 , antenna element A 3 lies in column 
2, row 1 , antenna element A 4 lies in column 3, row 1 , 
antenna element A 5 lies in column 1, row 2, antenna 
element Ag lies in column 3, row 2, antenna element A 7 
lies in column 1 , row 3, antenna element A 8 lies in col- 
umn 2, row 3, and antenna element A9 lies in column 3, 
row 3. The locations of the elemental antennas within 
the array or subarray may affect the amplitude or phase 
correction applied by the beamformer (not separately il- 
lustrated) to the signals transduced by the particular el- 
ements, as for example a tapered amplitude distribution 
may be required in the horizontal piane (a piane paraiiei 
to the plane in which any row lies) or in the vertical plane 
(a plane parallel to the plane in which any column lies), 
or in both planes, in order to reduce or ameliorate the 
effects of antenna sidelobes. As can be seen, each of 
the non-kernel elemental antennas of FIGURE 2 is ad- 
jacent its corresponding kernel elemental antenna. 
[0019] In FIGURE 2, some of the active devices as- 
sociated with a TR module are illustrated. TR module 
TR 2 is taken as illustrative of the kinds of devices which 
are found in all of the modules. In module TR 2 , a forward 
or power amplifier 232 receives signals to be transmitted 
from a source (not illustrated) and provides amplified 
signal to an input port of a circulator 230. Circulator 230 
circulates the amplified signal to be transmitted to the 
next port in the direction of circulation indicated by the 
arrow. The signal to be transmitted exits from circulator 
230, and proceeds by way of a phase shifter (<j>) 236 and 
coupling path C 2 to elemental antenna A^ from which 
the signal is radiated. When elemental antenna A 2 re- 
ceives signal, the received signal is applied to a port of 
circulator 230, and is circulated in the direction of circu- 
lation indicated by the arrow to a further port, where the 
signal exits the circulator and arrives at the input port of 
a low-noise or receiver amplifier 234. The received sig- 
nal amplified by amplifier 234 is made available to other 
portions (not illustrated) of the system. 
[0020] In FIGURE 2, a TR module powering arrange- 
ment is designated generally as 210. As illustrated, 
module powering arrangement 210 includes a power 
source conductor 21 2, and a switch connected between 
the power source conductor 212 and each TR module 
TR., through TR 9 (not all modules are illustrated as be- 
ing connected to a switch). In the arrangement of FIG- 
URE 2, a switch 21 4 2 of a set 214 of switches is illus- 
trated as controlling the energizing power applied to TR 



module TR 2 , switch 21 4 3 controls the power applied to 
TR module TR 3 , and switch 21 4 4 controls the power ap- 
plied to TR module TR 4 . Corresponding switches (not 
illustrated) control the power applied to the other mod- 

5 ules of FIGURE 2. It should be noted that the switches 
of set 214 are illustrated by mechanical switch symbols, 
which those skilled in the art will interpret as being ge- 
neric switches, which may be of the solid-state, remotely 
controlled type. In contemplated applications, the 

10 switches of set 21 4 will be electronic switches remotely 
controllable by a computer, and will be switched accord- 
ing to calibration and other algorithms. It should also be 
noted that the term "between" as used in electrical sys- 
tems has a meaning different from that used in ordinary 

15 parlance. In particular, the word "between" means elec- 
trical coupling to the two named elements, regardless 
of the path taken by the coupling, which may or may not 
physically lie between the named elements. Thus, the 
power or energization to each TR module and its asso- 

20 ciated active elements may be individually and inde- 
pendently controlled from a remote location. 
[0021] In FIGURE 1, each directional coupler D 1( 
D 2 , .... D L has four ports, designated 1 , 2, 3, and 4. Di- 
rectional couplers are well known in the art, and their 

25 salient features for purposes of the present invention are 
that signal applied to port 1 exits from ports 2 and 3, but 
not from port 4, and signal applied to port 2 exits from 
ports 1 and 4, but not from port 3. In FIGURES 1 and 2, 
portl of directional coupler D 1 is coupled to a directional 

30 coupler calibration port D 1 by way of a path D 1 -,L, port 

2 of directional coupler D 1 is coupled to a directional 
coupler calibration port D-, 2 by way of a path D 1 2 L, port 

3 of directional coupler D 1 is coupled to the feed port of 
elemental antenna A 1f and port 4 of directional coupler 

35 D 1 is coupled to output port TR 1 o of TR module TR 1 . In 
FIGURE 1 , othercorresponding directional couplers are 
similarly connected to other directional coupler calibra- 
tion ports. More particularly, port 1 of directional coupler 
D 2 is coupled to a directional coupler calibration port 

40 D 2 by way of a path D 2 -,L, port 2 of directional coupler 
D 2 is coupled to a directional coupler calibration port 
D 2 2 by way of a path D 2 2 L, port 3 of directional coupler 
D 2 is coupled to the feed port of elemental antenna A 10 , 
and port 4 of directional coupler D 2 is coupled to output 

45 port TR 10 o of TR module TR 10 , and port 1 of directional 
coupler D L is coupled to a directional coupler calibration 
port D L1 by way of a path D L1 L, port 2 of directional 
coupler D L is coupled to a directional coupler calibration 
port D L 2 by way of a path D L2 L, port 3 of directional 

50 coupler D L is coupled to the feed port of elemental an- 
tenna A N . 8 , and port 4 of directional coupler D L is cou- 
pled to output port TR N . 8 o of TR module TR N _ 8 . These 
connections, together with electrical switches coupled 
to the various TR modules to enable them to be sepa- 

55 rately or independently energized and deenergized, 
make it possible to separately calibrate the various 
paths through the beamformer, and thereby control, or 
compensate for, differences in the performances of the 
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active elements. More particularly, the amplitude trans- 
fer function or gain of the amplifiers can be determined, 
and either corrected to a nominal value, or compensated 
for in the signal processing on the feed side of the array 
antenna. 5 
[0022] The array antenna as so far described can be 
calibrated according to another aspect of the invention. 
In order to calibrate the array antenna, it is necessary 
to individually determine the characteristics of each 
functional active device. For example, it will be neces- to 
sary to determine the gain or input-output amplitude 
transfer function of each amplifier, including the transmit 
or forward-direction amplifier and the receive or return- 
direction amplifier. If there are any elements, including 
amplifiers, which change or drift in phase as a function 15 
of time or environmental conditions, the phase value 
should be known. If there are other active elements in 
the transmission path extending between the input or 
beam ports 1 2 of the beamformer and the elemental an- 
tennas, then their amplitude and/or phase transferfunc- 20 
tions must also be determined. 

[0023] In essence, the presence of the directional 
couplers in at least some of the paths extending be- 
tween the beamformer and the elemental antennas al- 
lows the characteristics of the paths through the beam- 25 
former to be determined. In general, the calibration 
paths are first themselves calibrated as to amplitude 
and/or phase, and this information is used, together with 
amplitude and/or phase information determined from 
transmission through the calibration paths and the 30 
beamformer paths, with only the one active element or 
TR module under test energized. In a preferred embod- 
iment, the various amplifiers or active devices are of a 
type in which the port impedances do not change a great 
deal with amplifier energization, so that impedance ef- 35 
fects when the amplifiers are deenergized do not perturb 
the measurements. Such amplifiers are well known. 
[0024] According to a further aspect of the invention, 
the array antenna is calibrated by the method set forth 
in FIGURE 3. In FIGURE 3, the calibration logic begins *o 
at a START block 310, and proceeds to a block 312. 
Block 312 represents the transmission of a directional 
coupler calibration signal on one of a pair of directional 
coupler calibration ports, such as port D 1 of the set in- 
cluding ports D 1 j and D 1 2 of FIGURE 1 , and receiving 45 
the directional coupler calibration signal on the other 
one of the pair of ports. From block 312 of FIGURE 3, 
the logic flows to a logic block 31 4, which represents the 
comparison of the received directional coupler calibra- 
tion signal with the transmitted directional coupler cali- so 
bration signal, to thereby determine the phase and am- 
plitude characteristics or progression attributable to the 
calibration lines ^Land D 1 2 L of FIGURE 1. This cal- 
culation inherently includes the step of accessing a 
memory which defines the amplitude and phase char- 55 
acteristics of the path between ports 1 and 2 of direc- 
tional coupler Dj. If the directional couplers of the sys- 
tem are sufficiently identical, this may require only the 
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storage of common values for the characteristics, but 
the memory requirements are not excessive even if in- 
dividual information must be stored for each directional 
coupler. 

[0025] From block 314, the logic of FIGURE 3 flows 
to a block 31 6. Block 31 6 represents turning off all of the 
TR modules except that one (TR1) associated with the 
kernel array element A^ and applying a beamformer 
calibration signal through the path extending between a 
beamformer port such as 14i 1 and a calibration port 
such as D 1 2 of FIGURE 1. The direction in which the 
signal is propagated will depend upon whether the par- 
ticular kernel element is adapted for transmission, re- 
ception, or both. If transmission only is expected, then 
the TR module associated with the kernel element will 
have only a transmit or "power" amplifier such as 230 of 
FIGURE 2, and transmission of the beamformer calibra- 
tion signal is from a beamformer port 14i x (where x rep- 
resents any subscript) of FIGURE 1 to port D-, z . On the 
other hand, if there is only a receive amplifier such as 
amplifier 234 of FIGURE 2, then the transmission of the 
beamformer calibration signal is from calibration port 
D 1i2 to beamformer port 1 4i x . If the array is intended for 
both transmission and reception, then the TR module 
associated with each antenna element, and in particular 
with the kernel element under consideration, will have 
both transmit and receive amplifiers, and the test must 
be performed in both directions (assuming, of course, 
that both directions of propagation are to be calibrated). 
From block 316 of FIGURE 3, the logic flows to a block 
318, which represents calculation of the amplitude and 
phase characteristics of the beamformer and TR mod- 
ule TR-,. Assuming that the electrical path lengths of 
transmission lines D 1 and D 1 2 L are set the same, as 
by fabrication to the same physical length (or to dissim- 
ilar physical lengths but trimmed for identical electrical 
lengths), the electrical length of transmission path D 1 2 
is known to be 1/2 (D 1t1 + D 1 2 - L 1i2 ) f where L, 2 is the 
electrical length through directional coupler D 1 from port 
1 to port 2. Again, the calculation step represented by 
block 31 8 requires accessing a memory in which the 
electrical characteristics are stored of the path between 
ports 2 and 4 of directional coupler D-,. 
[0026] From block 318 of FIGURE 3, the logic flows 
to a decision block 320, which compares the information 
relating to the characteristics of the beamformer path as 
determined in blocks 312 to 318 with the previous val- 
ues. If the values are the same, within certain limits, then 
the logic leaves decision block 320 by the SAME path 
and flows to a block 324. If the information is different, 
the logic leaves decision block 320 by the DIFFERENT 
path, and arrives at a block 322. Block 322 represents 
the updating of the control computer with new calibration 
values for the path between selected beamformer port 
14i x and the beamformer output port TR^. The steps 
represented by blocks 312 through 322 may be repeat- 
ed for each one of the kernel elements of the array an- 
tenna 10 of FIGURE 1 (three such kernel elements il- 
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lustrated). 

[0027] From either block 320 or 322 of FIGU RE 3, the 
logic arrives at a block 324, which represents transmis- 
sion and reception of calibration signals associated with 
a nonkernel element of FIGURE 1. Block 324 includes 5 
the step of energizing the TR module associated with 
the selected one of the non-kernel elements, such as 
kernel element A 2 , associated with output port TR 2 o of 
beamformer 14. For this particular nonkemel element, 
the TR module is TR 2 . With TR 2 energized or activated 10 
anc *ll the other TR modules inactive, calibration signal 
is transmitted between a directional coupler calibration 
port such as ^ and a beamformer "input" port 14 x for 
the antenna beam under consideration. Assuming 
transmission from beamformer port 1 4i 1 to calibration 15 
port D 1t1 , the path is through the corporate feed 1 4 and 
through TR module TR 2 to path C 2 , then near-field cou- 
pling or mutual coupling from antenna element A 2 to an- 
tenna element A-i , from port 3 to port 1 of directional cou- 
pler D 1t and thence to calibration port D 1 n . Transmis- 20 
sion in the opposite direction merely traverses the same 
paths in retrograde order. From block 324, the logic of 
FIGURE 3 flows to a block 326. Block 326 represents 
calculation of information about the amplitude and 
phase of the path extending between beamformer "in- 25 
put" port 12 x and "output" port TR 2 o. This information is 
determined by simply subtracting from the value deter- 
mined in step 324 the information relating to directional 
coupler D A and transmission path D 1 A L of FIGURE 1. 
Inherent in the calculations associated with block 326 of 30 
FIGURE 3 is the need to also subtract information relat- 
ing to (a) the lengths of transmission line between the 
output ports of the beamformer and the associated ele- 
mental antennas, and (b) the mutual coupling between 
the nonkernel elemental antenna and the associated 35 
kernel antenna. These values are also stored in mem- 
ory. To the extent that environmental effects may affect 
the mutual coupling, these must be compensated for, or 
the environmental effects removed. Such an effect 
might include the presence of a large body adjacent the *o 
antenna structure, or moisture coating the elemental an- 
tennas and ground plane of the array. Some of the nec- 
essary information may be of the type which can be 
stored in memory, and other information may not be 
amenable to storage. The effects of moisture are be- *5 
lieved to be capable of storage, while the effects of a 
large object might not be, unless its parameters could 
be defined, in which case the only solution might be re- 
moval of the object. 

[0028] From block 326 of FIGURE 3, the logic flows 50 
to a decision block 328, which determines if the new in- 
formation about the coupling within the beamformer is 
the same as that currently stored or not. If the informa- 
tion is the same within a particular tolerance, the logic 
leaves the decision block by the SAME output, and pro- 55 
ceeds to STOP block 332. If the information is different, 
the new value updates the currently stored value in 
block 330, again with the proviso that confirmatory 



measurements might be desired before updating takes 
place. Naturally, the steps represented by blocks 322 
through 330 may be performed for each of the nonkernel 
elements and the associated one of the kernel ele- 
ments, to thereby calibrate the beamformer paths asso- 
ciated with each of the antenna elements. 
[0029] While the description assumes that each non- 
kernel antenna element is associated with one, and only 
one, of the kernel elements, it may be desirable to per- 
form the measurement of each nonkernel element with 
more than one kernel element, so as to reduce the 
chance of anomalous results. For each of plural meas- 
urements associated with one nonkernel element with 
various kernel elements, the results can be averaged, 
or, if they are within a given tolerance, the results of any 
one of the measurements may be stored for use. 
[0030] Other embodiments of the invention will be ap- 
parent to those skilled in the art. For example, while the 
phase shifter in FIGURE 2 is illustrated as being located 
at the "output" of the circulator, those skilled in the art 
will know that two phase shifters may be instead used 
in, or with, the other two ports of the circulator. While it 
has been assumed that any beamformer port could be 
used to aid in calibrating any portion of the beamformer, 
it should be understood that a particular beamformer 
port may not be internally connected to particular one 
or ones of the beamformer output ports, in which case 
those output ports cannot of course be calibrated from 
the nonconnected input ports. While the logic has been 
shown as exiting decision block 320 of FIGU RE 3 by the 
DIFFERENT output if the results do not match the stored 
information, those skilled in the art know that it may be 
desirable to repeat the measurement and to make a 
"permanent" change of the recorded information only if 
the retest confirms the initial test. 
[0031] Thus, an aspect of the invention lies in a meth- 
od for calibrating the active elements of an array anten- 
na used for transducing electromagnetic signal between 
unguided radiation and a guided transmission path. The 
active array antenna (10) includes a beamformer (12) 
including at least one guided-wave common port (a port 
of set 12i, such as port 14i 2 ) and at least N output ports 
(set 14o) associated with the common port (14i 2 ). The 
guided-wave common port (1 4i 2 ) may be considered to 
be the "feed" port for one beam of the array antenna 
(1 0). The array antenna (1 0) also includes a beamform- 
er (1 2) control computer (20) coupled to the beamformer 
(1 2), for transducing signals therewith, and for forming 
antenna beams based upon at least one of beamformer 
(12) amplitude and phase transfer functions, and pref- 
erably both. The array antenna (1 0) also includes a plu- 
rality of N radiating elements (A 1 through A N ) arranged 
in an array (FIGURE 2). Each of the radiating elements 
(A 1 through A N ) is capable of transducing electromag- 
netic signals with its own elemental port (as for example 
A^). A plurality of 2P calibration ports (D-,,1 through D L , 
2) is provided, where P may be less than N in a preferred 
embodiment. P directional couplers (D 1: D 2 , D L ) are 
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provided. Each of the P directional couplers (D-,, D 2 , 
D L ) includes first (1), second (2), third (3), and fourth (4) 
ports, for coupling signal from the first port (1 ) to the sec- 
ond (2) and third (3) ports and not to the fourth (4) port, 
and from the second port (2) to the first (1) and fourth 5 
(4) ports, but not to the third port (3). Each of the P di- 
rectional couplers (D-,, D 2 , D L ) has its first port (1) 
coupled to one, and only one, of the calibration ports 
(D 1 ,1 through D L ,2), its second port (2) coupled another 
to one, and only that one, of the calibration ports (D v 1 10 
through D L ,2), its third port (3) connected to a "kernel" 
one (A 1f A 10 , A^g), and only that kernel one, of the 
N radiating elements (A-, through An), and its fourth port 
(4) coupled to one, and only one, of the N output ports 
(TR.,o, TR 2 o : . .., TR N o) of the beamformer (12). As a *5 
result of these connections of P directional couplers (D 1( 
D 2 , .... D L ) to 2P calibration ports (D 1( 1 through D L ,2) 
and P output ports out of N available output ports (TR.,o, 
TR 2 o, .... TR N o) of the beamformer (12), N-P=R non- 
kernel ones of the radiating elements lack a guided path 
to a directional coupler, and R ports of the beamformer 
(1 2) are not connected to one of the directional couplers 

(D 1 , D 2 D L ). The array antenna (1 0) further includes 

a guided-wave connection between each of the R ports 
of the beamformer (1 2) which are not connected to one 
of the directional couplers (D 1t D 2 , D L ) and a corre- 
sponding one of the R non-kernel radiating elements, 
as a result of which ail of the N elemental antennas (A 1 
through A N ) are connected to an output port (TR^, 
TR 2 o, . ,.,TR N o) of the beamformer (12), eitherthrough 
a directional coupler (D-,, D 2 . .... D L ) or through another 
guided-wave connection (C 2 -C g , C 11( C N _ 7 , C N ). At least 
one of (a) an active amplifier (230 ; 232) and (b) a con- 
trollable phase shifter (236) is associated with at least 
some of the paths defined between the guided-wave 
common port (14i 2 ) and the at least N output ports 
(TR-|0, TR 2 o, .... TR N o) associated with the common 
port (14i 2 ) of the beamformer (1 2). 
[0032] According to another aspect of the invention, 
a method for calibrating the array antenna (1 0) includes 
the step (312) of applying a directional coupler calibra- 
tion signal to a first one of the calibration ports (D 1 , D 1 , 
1 through D L ,2), for thereby transmitting signal to a first 
port of a first one of the directional couplers (D n , D 2 , . . . , 
D L ), and in response to the step of applying of a direc- 
tional coupler calibration signal, receiving returned di- 
rectional coupler calibration signal at a calibration port 
coupled to the second port of the first one of the direc- 
tional couplers (D 1s D 2 , D L ). The amplitude and the 
phase of the returned directional coupler calibration sig- 
nal are compared (314) with the corresponding ampli- 
tude and phase of the calibration signal to establish a 
calibration transfer value for the guided-wave connec- 
tion between the first one of the directional couplers (D 1 , 
D 2 , D L ) and its associated calibration ports (D 1t D 1( 
1 through D L ,2). The calibration transfer value may be 
also adjusted (314) by comparison with a known or 
memorized value (if it's known or predetermined, it must 



be stored somewhere, and is therefore memorized) of 
the transfer characteristics of the directional coupler it- 
self. This allows the effects of the directional coupler to 
be separated from the effects of the guided-wave con- 
nections or transmission lines. Thus, at least one of the 
amplitude and phase, and preferably both, of the cali- 
bration transfer value is compared with a predetermined 
value, to thereby establish a directional coupler calibra- 
tion reference value for the first one of the directional 
couplers (D-,, D 2 , D L ). The next step (316) in the cal- 
ibration is to (a) apply beamformer (1 2) calibration signal 
to the common port (14i 2 ) of the beamformer (12) and 
extract corresponding beamformer (12) calibration sig- 
nal from that calibration port coupled to the second port 
of the first one of the directional couplers (D 1f D 2 , 
D L ),,or (b) apply beamformer (12) calibration signal to 
that one of the calibration ports (D 1p D.,,1 through D L ,2) 
coupled to the second port of the first one of the direc- 
tional couplers (D-,, D 2 , D L ), and extract correspond- 
ing beamformer (12) calibration signal from the beam- 
former (12) common port (14i 2 ), to thereby determine 
(318) at least one of the amplitude and phase transfer 
between the common port (1 4i 2 ) of the beamformer (1 2) 
and the fourth port of the first one of the directional cou- 
plers (D 1( D 2 , D L ). As set forth in the claims, the ter- 
minology "one of A and B" differs slightly from "either A 
or B" but has the same meaning, as understood by per- 
sons skilled in the art. From the calibration transfer value 
and from at least one of the amplitude and phase trans- 
fer between the common port (1 4i 2 ) of the beamformer 
(1 2) and the fourth port of the first one of the directional 

couplers (D 1f D 2 D L ), at least one of the amplitude 

and phase characteristics of that signal path extending 
from the common port (14i 2 ) of the beamformer (12) to 
the fourth port of the first one of the directional couplers 
(D 1 , D 2 , .... D L ) are determined (31 8). The beamsteering 
control computer (20) is adjusted by updating (320, 322) 
the parameters by which the control takes place, if nec- 
essary, which may mean updating the value of the one 
of the amplitude and phase characteristic (or both) of 
that signal path extending from the common port (14i 2 ) 
of the beamformer (1 2) to the fourth port of the first one 
of the directional couplers (D-,, D 2> D L ). 
[0033] In a specific embodiment of an array antenna 
(10) according to an aspect of the invention, the trans- 
mission-line electrical lengths (of physical connections 
D 1f1 L and others) extending between the calibration 
ports (D 1f D 1f 1 through D L ,2) and the first (1) and sec- 
ond (2) ports of any one of the directional couplers (D 1f 
D 2> D L ) are made or set equal, whereby the calibra- 
tion transfer value for each of the cables is equal to one- 
half the calibration transfer value of the guided-wave 
connection to the one of the directional couplers (D 1f 
Dz Dl). 

[0034] A specific mode of the method according to the 
invention includes the further step of de-energizing (in 
block 324 by means of power control 214) all active el- 
ements of the beamformer (1 2) except for those active 
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elements lying in that path through the beamformer (12) 
extending from the common port (1 4i 2 ) of the beamform- 
er (12) to a particular non-kernel one of the radiating 
elements of the array. This specific mode also includes 
the step (324) of one of (a) applying beamformer (12) 
calibration signal to the common port (1 4i 2 ) of the beam- 
former (12) and extracting corresponding beamformer 
(12) calibration signal from that one of the calibration 
ports (D 1} D-1,1 through D L , 2) associated with the first 
port of the first one of the directional couplers (D^ D 2 , 
D L ) and (b) applying beamformer (12) calibration signal 
to that one of the calibration ports (D-, . D 1 ,1 through D L , 
2) associated with the first port of the first one of the 
directional couplers (D 1f D 2 , D L ) and extracting cor- 
responding beamformer (12) calibration signal from the 
common port (14i 2 ) of the beamformer (12), to thereby 
calculate or produce (326) a nonkernel calibration signal 
including a measure of the mutual coupling between that 
one of the kernel radiating elements associated with the 
first one of the directional couplers (D 1t D 2 , DJ and 
the particular non-kernel one of the radiating elements 
of the array. Finally, this specific mode includes the step 
(328, 330) of adjusting the beamsteering control com- 
puter (20) by updating the parameters by which the con- 
trol takes place by a factor responsive to the nonkernel 
calibration signal. 
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A method for calibrating the active elements of an 
array antenna, said array antenna being for trans- 
ducing electromagnetic signal between unguided 
radiation and a guided transmission path, and in- 
cluding: 

a beamformer including at least one guided- 
wave common port and at least N output ports 
associated with said common port; 
a beamformer control computer coupled to said 
beamformer, for transducing signals therewith, 
and for forming beams based upon at least one 
of beamformer (a) amplitude and (b) phase 
transfer functions; 

a plurality of N radiating elements arranged in 
an array, each of which radiating elements is 
capable of transducing electromagnetic signals 
with its own elemental port; 
a plurality of 2P calibration ports, where P is 
less than N; 

P directional couplers, each of said couplers in- 
cluding first, second, third : and fourth ports, for 
coupling signal from said first port to said sec- 
ond and third ports and not to said fourth port, 
and from said second port to said first and 
fourth ports, but not to said third port, each of 
said P directional couplers having its first port 
coupled to one, and only one, of said calibration 
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ports, its second port coupled to another one, 
and only that one, of said calibration ports, its 
third port connected to a kernel one, and only 
said kernel one, of said N radiating elements, 
and its fourth port coupled to one, and only one, 
of said N output ports of said beamformer, 
whereby N-P=R non-kernel ones of said radi- 
ating elements lack a guided path to a direc- 
tional coupler, and R ports of said beamformer 
are not connected to one of said directional 
couplers; 

a guided-wave connection between each of 
said R ports of said beamformer which are not 
connected to one of said directional couplers 
and a corresponding one of said R non-kernel 
radiating elements; and 

at least one of (a) an active amplifier and (b) a 
controllable phase shifter associated with at 
least some of the paths defined between said 
guided-wave common port and said at least N 
output ports associated with said common port 
of said beamformer; 
said method comprising the steps of: 

applying a directional coupler calibration 
signal to a first one of said calibration ports, 
for thereby transmitting signal to a first port 
of a first one of said directional couplers; in 
response to said step of applying of a di- 
rectional coupler calibration signal, receiv- 
ing returned directional coupler calibration 
signal at a calibration port coupled to the 
second port of said first one of said direc- 
tional couplers; 

comparing the amplitude and the phase of 
said returned directional coupler calibra- 
tion signal with the corresponding ampli- 
tude and phase of said calibration signal to 
establish a calibration transfer value for 
said guided-wave connection between 
said first one of said directional couplers 
and its associated calibration ports; 
one of (a) applying beamformer calibration 
signal to said common port of said beam- 
former and extracting corresponding 
beamformer calibration signal from that 
calibration port coupled to said second port 
of said first one of said directional couplers 
and (b) applying beamformer calibration 
signal to that one of said calibration ports 
coupled to said second port of said first one 
of said directional couplers, and extracting 
corresponding beamformer calibration sig- 
nal from said beamf omner common port, to 
thereby determine at least one of said am- 
plitude and phase transfer between said 
common port of said beamformer and said 
fourth port of said first one of said direction- 
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al couplers; 

from said calibration transfer value and 
from at least one of said one of said ampli- 
tude and phase transfer between said 
common port of said beamformer and said 5 
fourth port of said first one of said direction- 
al couplers, determining at least one of the 
amplitude and phase characteristics of that 
signal path extending from said common 
port of said beamformer to said fourth port 10 
of said first one of said directional couplers; 
and 

adjusting said beamsteering control com- 
puter by updating the parameters by which 
said control takes place by updating the 15 
value of said one of said amplitude and 
phase characteristic of that signal path ex- 
tending from said common port of said 
beamformer to said fourth port of said first 
one of said directional couplers. 20 

A method according to claim 1 , further comprising 
the step of: 

setting the electrical lengths of said cables be- 25 
tween said calibration ports and said first and 
second ports of any one of said directional cou- 
plers equal, whereby said calibration transfer 
value for each of said cables is equal to one- 
half the calibration transfer value of said guid- 30 
ed-wave connection to said one of said direc- 
tional couplers. 

A method according to claim 1 or 2, further compris- 
ing the step of: 35 

de-energizing all active elements of said beam- 
former except for those active elements lying in 
that path through said beamformer extending 
from said common port of said beamformer to 40 
a particular non-kernel one of said radiating el- 
ements of said array; 

one of (a) applying beamformer calibration sig- 
nal to said common port of said beamformer 
and extracting corresponding beamformer cal- *5 
ibration signal from that one of said calibration 
ports associated with said first port of said first 
one of said directional couplers and (b) apply- 
ing beamformer calibration signal to that one of 
said calibration ports associated with said first so 
port of said first one of said directional couplers 
and extracting corresponding beamformer cal- 
* ibration signal from said common port of said 
beamformer, to thereby produce a nonkernel 
calibration signal including a measure of the 55 
mutual coupling between that one of said kernel 
radiating elements associated with said first 
one of said directional couplers and said par- 



ticular non-kernel one of said radiating ele- 
ments of said array; and 
adjusting said beamsteering control computer 
by updating the parameters by which said con- 
trol takes place by a factor responsive to non- 
kernel calibration signal. 

4. A method according to any one of claims 1 -3, further 
comprising, between said step of comparing the 
amplitude andthe phase of said returned directional 
coupler calibration signal with the corresponding 
amplitude and phase of said calibration signal and 
said step of one of (a) applying beamformer calibra- 
tion signal to said common port of said beamformer 
and (b) applying beamformer calibration signal to 
that one of said calibration ports, the further step of: 

comparing said calibration transfer value with 
a predetermined value, to thereby establish a 
directional coupler calibration reference value 
for said first one of said directional couplers. 
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